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Abstract 



The invention it directed to a device 
antf^edwd "for minimally invasive access 
to the pcrjcaidial space of a human or 
ppent the disclosed petteardial 

device includes a pencttat tag body 

n)l*my roobite*wimin the hnnen (13) 
a guide tube (14). The distal end of die 
' tube includes a shoulder to buttress 
tissue drawn into-' the guide tube 
a suction force applied to the^gnide 
tube lumen* The peneraiihg body $2) is 
subsequently distafty advanced within the 
guide tube to access the pericardium (2). 
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< $i#<fcQ fithetlnveirtion c 

sure is ajrrctedtOTOinimaH cardiac 
m ctevite^and method for 
to the 




v teJtamdfed0» o&hfep^ the time 

10 of QtfgmJS^ term 
"pericardium." The pericardium (pericardial sac) is a coni<^ metnbranous sac m 

Aiiatom^(l97t7^c^^pih^51f^60, The^rxricardiimids fta^ 

prevem diMpn.qftthexb and 
15 maintsditf ^ Itf also provides atbarrier to the 




andihj&he£^^^ 

includes the fluid therein. It has been reported by others that 
20 into the.pericardial' space it acsuimi&tes in the atrioventricular and interventricular 

j - Cardiac BfjegSIPfe^ ;^^^^ TftfrfMMI- 

< , R<?ricardiocentesis> or puncture of the pericardium, heretofore has 
been performed for. I)diagno$isi0£pemeard^ 
25 fluid; 2) withdrawal ofipericaniUirfluidrfbf Ae treatment of acute cardiac 

4ampona$e$*an4 3>infiifldon of ^ha^euticaagaitsffor the treatment of malignant 
, efiV&iontori 
lifted to tlie tre^ 

r maligrianfro*^ Drugs that have been 

1 30 «yectedintp4her^ (sclerosing) agents, such as 

tetracyclic an&M^ sucbas streptokinase. 

.... ; Intraperiearfiakdrng^ hasnot been clinically utilized for 

heart-specific treated pathology is normal, because the 

pericardi^spaee*is norm^ access without invasive 

35 surgeiy ofcriskofte^ 

• NormaUy^pericardioe^^ specialized, 
personnel in the cardiac catheterization!^ assisted by 
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monii 



a Safeguard in Pcricaixiiocentesisi^ in 
5 "APeri<?aidiQ$eale^^ 

264:711 (%9MU ©olsman NfeS^etal 



pericardial needle as an electrode is 
L JL, et aL, "The Electrocardiogram j 
andNeillJJL,etal., 



Br. Heart J., 28:566 (1966); axriM&te&i 
Indications of Atrial Puncture During Peri 



^^^i^mm^meeAm^mm^ 9 in 

tc 



in The New England 



10 ceptrallur^^^^ 

in GQ|dberg3:B., et al., "Ultrasdoically 

However, 
pericardiocentesis. 

15 

stoma^orctfionrpn^ 




needle as reported 
n in Amer. J. 



artery or 



20 accumulation of fluid, eg., btood> 

U.S. Patent,No^071? 



25 



is small 
die 



defibrillation leads. This 
device and cutting the pericaniium with a 




a method and 
ofimplantable 

with a forceps 
y) under direct 



Ud»daY*,e*ak, 
Infarction by Intrapericardialcln^ 
Heparin Sulftte" in Circulations 




30 method generally involved the percutarfeous 
into the pericardial cavity inm^M^^Aw^^ 



rthe 
in detail, this 




long-term delivery viaaeatheter 



drugs rath ff r than 



35 




apparatus uses 
in an outer catheter, thus 



theneedie (coL 15; lines 54- 
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57). One of the*statedprbblemstv^ Col. 15, lines 

4-5. A sg*ta|fe^^ to apply suction to 

pi$ the psricsardi^ stabilize 
the eatheterttip^a^ 

5, suture4itP tbeteatheter. toadditiontfo*other disadvantages the added Step of suturing 

i^ this^method isiundesirable^ ^ 

Another method fin: intrapericardial injection of agents is performed 

by a device, ayaOpbk^undar the name Pe&DUCER** 4 pericardial access device, 

available fc>mC^ Columbia 
10 HdghtSi Minnesota>55431. 7^ to create a lifted section of the 

pericardiun^ c^^a ^leb^ sSpecificaUyv the bleb is secured to fcfrelongate access 

the iongitudinak^ccess of the device, ©ace ftmned^ the blebis punctured by a 
needle of limited travel that penetrates the?bleb in a direction substantially tangential 
15 to the epicardial surface of the heart. While creating a bleb by miction through a side 
wall port combined ^ to the*leb can reduce the , 

chance of puncturing or lacerating the myocardium, accurately penetrating the 

during normal cardiac;contractiott relative to the orientatiofrof the axM dimension 

20 of the a device- 

Accordingly, there is a Med for an accurate system ^localized 
penetration of the pericardium^^dch hallow risk of causing penetration or 
laceratiojfc&f the pyocatrdhmfe Moreover, there is a need to effectively penetrate the 
pericardium without the chance of loss of vacuum and repeated attempts to effect 

25, penetration. 



Summary otthe Invention 
The present invention provides a device and method for safe access to 
the pericardial space without hgury to the heart, in order to aspirate fluids directly 
from or to directly driver fluids, i.e , therapeutic drugs, to the heart muscle or 

30 associated vasculature. With such safe access to the heart, complications from 

contacting heart muscle are greatly reduced and nearly eliminated. Additionally, 
by directly delivering drugs to the heart muscle via the pericardium (pericardial sac), 
side affects associated with drugrdelivery by conventional Administration methods, 
i.e., oral or injection^ can be reduced, such that reduced dosages are needed to 

35 achieve the desired effect of a specific drug. Moreover, the present method for 
direct delivery of a drug provides for a wider range of drugs to be used. 
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A periMedW accessufcMeeacooiding to the invention includes a 

tohehas a^cknaW ^hand^aad^*^ perf^ ^device and 
a <^«nd^ Wtthintbe 



directed shoulder can be continuous around me*n*umffe«n^^ or can be 

intermittent. „. . ■. 



th^i,™. ^- -^^^wpraiiioif ioicett applied to 

^^Pfcfwgmdet^ 

i« t^guj^tube, ^^^*tetodia^^ 



land 

, ... e -t* is axiaify mobile 

^^^e^l^ejubeittnier* 4s^pfeiein& ^tir^u^penetr^body^is advanced 
<^ytol^fato«»epei^^ 
15 e^whjchaiebutt^^ 



the vacuum seal that rnanitaiiisaneAleb in« 
p<meuati^ Sufe^^ 

penetrating b©dy*the pericardial acce&devieetieine^ra^ 
20 passed over the guide wire into the pericardial sijace forremovai^f fluid or deBS" 
ofmaterial&tfaerein. 7 



Atu»im*ximakendiof^^ 
region can include a vacuaa^n^asseittbl# for «toneeting an aspiration source to 
the device. In addition, d» nandteregi©tt-ean inctu^^^ for 
25 limiting the axial mobility of uw paiehating body distally. 

In some embodiments, a pericardii* access devices 
exterior sheath having* ieve^%seate&#stal end to prevent fat, fascia, or other 
n«teiia*fiDmciite^ 
placement. ... i 



30 




BrietDescriDtioBo ftheDrawfaf pi 

vMXk Lis a^ngitadjnaMeeti^^ 



35 MO. 2 b longitudinal 

access device of the invention. 
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1Q 



<. --w > >EI(^'3iis a lon^tudinal s 
of a pericardial access device of the invention. 

5: -u ^MQ?4 is?a^kmgitudinal secticm of a second embodiment of a distal 
end of apericaidM access^device ofthb^iiiVfefition- 

; penetrating body Irand guidewire^O. n 
. :» M<3#6isiar^^ 




eftd%tf a pericardial 



FIG. 8 is a longitudinal section of tbe distal ejM bf a pericardial 
occesa device enclosed in^sheath with a ^ batch. 

EIG. 9 is a aistafcendOTe^o^the reversibly sealed miiltMIap hatch of 



15 



20 



. drawings, whereip E likie referencehnu^eralsndentifysii 



accompanying 



and 



25 



>i»^4$&$3!^^ invention 
and shouldmpfcbe construfectto lihat ihis&dpe thereof, Iiraddition, it will be noted 
tha^i0i^eraliplac«;thioughout tte^5ecifiddtkm, guidance is provided through lists 
of examples; Meach ^.iij0ance^b(ferecite<felist serves only*as a representative group. 
It is notmeant, however/that the list is exclusive. 

Ahp^cardial^accessidevice accoiding to the present invention 
pnmde^acfppted 

for introduction^ araater^ of myocardM injury during 

access. Gneeithe pericardial space is accessed, a material tratis^^ 




30 



35 



material. ? . 

Asrtised herein, the term "material" refers to any material dial can be 
introduced into4he^>eric£urdiat 

gasses, liquids or- solids. "Materials^ inchide*phaafia^ such as 

vasodilators, antiplatelets, anticoagulants, thrombolytic^ anti-inflammatories, 
antibiotifcs; fibrinolytics, antiarrfiythmics.'-motropics, antimitotics, angiogenics, 
antiatherogenic, etc. "Materials" also include heated or cooled fluids (e.g., ice 
water), flawable powders, <x>ntroUed dnig release implants, or other solid material 
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15 



20 



that can pass tbroug^ material fcans^ implantable 
electrical leads. 

<One problem wj|b somc prioitsystems for accessing the pericardial 
space using suction is iUtistratedinFIG. 1. A*showm when tube 1 contacts the 
pericardium 2 andjsuction^anowsiMs^m^^ 3,5 bleb 4 is formed within the 

lumen 3. As a piercing instrument 5, suefcas* n<^c i; is distaUy advanced to pierce 
bl^tijebl^canbepusheika^ I allowing 

ambient air torush mat, for ex^mpje, artowtf, thus breaking the vacuum seal which 
can resulfein^ring or imn^pejjetiatio^^^ The present invention 

the guide tube. 

l^eiringtoHGs2» there £»ittastmte^k^^ud^ero»4ection 
view of one embodiment of aif^caidial^ccess^evice aebotdm^ to the invention. 
In this embodiment, the device 10 has a distal end 1 1 including a penetrating body 
12 that is axiatty mobile within lumen 13 of guide tube 14. The device 10 has a 
proxuna^end l& whlchind and operating the 

device duringuse. -The handle region l«canmclude a^vacfium inlet assembly 17 
and a wiie poit?l£ ^ p^^ 

penetrating bo# 12. AcconJiiig^Mbe^^ 17 need 




25 



30 



suction feme to be applledto the distal end 11 of hnncn?13 o^guide tube 14. 

The-vacuuminlerassembly 17 includes «vatmmfcchannel 21 having 
a distal end 22 that is in fluid coiUmumcationwim guicib.tube' lumen^W. T*e 
proximal end 23 of the vacHum>iiifcai»s^ such, as a 

10 also includes a seaUng mechanism 25 ^^hiaya^gaske^^fea^x^proxanal to me 
vacuum-inlet channel 21 wbicfc When a suction force is applied to, the guide tube 
lumen 13rpemntsaxM movement of penetrating beniy >2 without loss of suction, 
to the guide tube lumen 13, wliei^ peneteimig body^%nwvedU ■ 

FIGs. 3 and 4 are longhiidinal section views of two different 
embodiments, of a distal end 1 1 of a pericardial access device 10 according to the 
invention. FIG. 5 is a longitudinal section view of the distat end 1 1 of guide tube 14 
aaiUustratedin FIG. 4 wimout penetrating body 12 or guide wire 19. 



35 



. htamumy#em|iiicior 
below described function of a guide tube. Atthe distal end 1 >h gmdeftube 14 
includes a distal tip 30 where guide tube lumen 13 opens to the exterior through a 
distalport31. Thus, the distal port 31 is in a plane that is perpendicular to the 
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longitudinaliaxis dfcgtfidfc tube 14 (jY^Y of FIG. 5): It will also be appreciated that 
the distal port 31 is in a plan£ th^^p^^dicidar to bbth ti$ direction of axial 
movement ©Impenetrating txxty l^(S^w^A) and thfe direction of the suction force 
(arrow B> through guide tube*himen^£ 
5 Referring to FIC£t$v the-outside diameter D 0 of the guide tube 14 can 

be about 3 mm tb 12 mm, typic^ abdtit 6 mm to 8 mm. Thierdiameter D, of the 
guide tube lumen t&can be about^mmto 11 mm: At the distal exid It of guide 
tube 14 nearcfistal port M 9 diameter Dj of the guide tube lumen 13 is narrowed by 
an axM projection 32*or shoulder 33, that^has a longitudinal dimension D 3 ami an 

10 axial dimension D 4 . The aspect ratio at die distal tip 30 of lumen 13 that results 

from dimensions D ? and D 4 of shoulder 33 permits formation of the below described 
"bleb." As used herein, "aspect ratio" is the ratio of hole diameter to cylinder length 
. (Le., DjtDj). According to the invention, the hole diameter D 2 should be greater than 
the cylinder length, ite^ Dj >©,. The aspect ratio is genially, at least 1:1, typically 

15 greater than about2tl, inferably greater thin 4: 1 . 

Referring to FIQi^ a sttftilder 33 can be formed by rolling or folding 
thedistatend34<^ 

Alternatively, referring to FI© ^ the shoulder 33 can be an axial protrusion 36 from 
the guide tube wan 35 near the dist^ The shoulder 3 3 can be continuous 

20 around the circumference of the lumen 13 or intermittent As used herein, 

"intermittent refers to a shoutder-^33 that^has gaps around ttfe circumference of the 
lumen but still functions as described below. It wiU be appreciated that other 
shouldenconstructions that are not ilhistfatecfebere but which provide the below 
describedfimction arc within the scope of the present 
25 Referring to HG^ 6 thOT 

of FIG. 3 in use.^According to the invention, aspiration is allied to create a suction 
force (arrow©) toithe lumen 13 of guide tube 14 to form a bleb 40 of parietal 
pericardium 41 which surrounds the heart 42. As used herein, a *bleb" refers to the 
pericardial tissue which is drawn into the lumen 13 of guide tube 14 through distal 
30 port 3l.when suction is applied to the lumen 13. Once formed, the bleb 40 is 

buttressed by shoulder 33 in a position that reduces the likelihood of the pericardium 
41 moving away from distal tip 30 of guide tube 14 and breaking the point of the 
vacuum*seal 43 when bleb 40 is contacted by the distally advancing piercing tip 45 
of the below described penetrating body 12. As piercing tip 45 is advanced distally 
35 to pierce bleb 40,*ethtf bleb 40 can mushroom outward forming edges 46 which are 
buttresse&by the guide tube shoulders 33 fixing the position of bleb during piercing. 
Fixing the bleb in place by the shoulders of the invention provides for atraumatic 
and accurate access to the pericardial space. 
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Referring now to JFI6. 5, the longitudinal dimension D, of shoulder 
33 can he about .25 mm to, 5 minytymcaUyabout .5 mm to 1 ,5 mm. The 
longitodinal dimeD^^.aD^Mal«#qMpfsioi»i^ ofshoufcfep 33^determines the 
aspect ratio which should be selected ba^ on cxmfridmtticms suchas pOT 
elastidty, p^cardialsizevpm fluid, amount 

of suction fore© exerted,,etc. Tjie4ongitujiaa]^^ 




pierein&tip^ Therefore, inonp^bodmiart a guide tube t4 can have an outside 
10 diametoD fr ofabout6mm,alimi^ 

two or more-mteimitljBiit^hould^ mm, and a 

longitudinal shoulder dimension D 5 of about .5 inm creatihg a distal port diameter D, 

of about 2.5 mm and an aspect ratio of about 5:1. 

Refenrngnowto^Gs^.u^ 
15 structure having a distal penetrajjnffifttid^ fog 

penetrating the-pericardium. T^metratingb^ that 

extends to tbe liandle region m m^mm^O^^li^mm^Sea^ length 

Qf penetiatiip&hody 12^ 

guide wire port 1 8 to provide a cham^forpassingtgu^^ 19 through the access 
20 device l%tnto.tl^ 

12 should provide for axiaLmobjh^ wiuun the gtride tube-lumen-13. The inside 
diameter of the guide tube lumei^O 19. 
In atypical emfc»dimenVtb^ mm. 

,„ The distal penetrating end 47 of m^ 12, including 

25 the piercing tip 45, should bc^ 

when functioning to pierce the pericardium. Suitable materials include, for example, 
stainless steel, titanium, u^um,altoys, etc. The proximal em48rofthep 
body 12 that extends to uw hancUe region 16 cm a 
lumeticontiiuiouswiuipenetr^^ 12 

30 cm mdudeoiw or mom proximo 

continuous with the lumen of the#stal pejietrating end 47. If proximal segments are 
used they can be prepared from any*material which is sufficiem to maintain a 
guidewire lumen and .fonction to advance the ^^ pie«^tip^ntto^|^caidium, 



35 In some enibodiments, axial to^ 12 within 

gm\te tttbe4umen 13 can be limited to prevent piercing- tip 45; 
beyond the distal tip 30 of guide tube 14 which can 
myocardium. Preferably, however, the distal travel of the penetrating body 12 is 
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stopped befc^ extending b^ Referring to 

FIG. ZyMom ^^menl, a limiting* fo&hanisfn 50 cairbe located in die handle 
< regional 6 pf the device 10. As shovm invFI©, 2**the limitiiig M^liinism 50 can 
include a cpliar^S l rigidly attaiAe<feto^thg^goxinial end 48 of penetrating body 12. 
5 Distal travel of the penetrating body? 12 is stopped when collar 51 contacts the 

proximal aspect 53 of vacuum inlet assembly Vk In the illustrated embodiment, the 
collar 51 isfix^ta^ 

penetrating body 12pxially. In alternative embodiment ^limiting mechanism can 
belocstee^iitthed^^ 
10 travel oftthe.penetrating body 12. 

. During use of a pericardial access device according to the invention, 
an incision of sufBdent size for passage ofcthe guide tute matte in the thoracic 
wait fafrexample in the subxiphoid region, using kriown methods. A second 
incision cajvbe made for insertion of an endoscope into the thoracic cavity for 
15 visualization of thcaccess prpcediSe. Alternatively* the access procedure can be 
visuaUze&witbtheaidof kno for 
example, fluoroscopy, ultrasound, etc. In a subxiphoid approach the device of the 
invention is^idvan^^ first incision over the diaphragm 

into the mediastinal space until the distal end of the device contacts the pericardial 
20 surface of the heart The device is aligned at a desired location on the pericardial 
surface of the heart and suction is applied to the guide tube himen to form a bleb of 
pericardial tissue that passes into die guide tube lumen, through the distal port and 
extending proximal to die shoulders. Once the bleb is formed, the piercing tip of the 
penetrating body is advanced distally to pierce the bleb. A guidewire is then passed 
25 through die guidewire port through the lumen of the penetrating body and into the 
pericardial space. The device is removed and a catheter or other known material 
transport tube is guided over the guidewire into the pericardial space. The guide 
wire cm be removed during fluid removal or administration of the desired material 
into the pericardial space. With a distal end of the material transport tube located in 
30 die pericardial space, a proximal end of the material transport tube can be fixed 

outside the patient's body, using known methods, for long or short term access to the 
pericardial space through the material transport tube. 

A pericardial access device according to the invention can be 
advanced through the skin incision to the pericardial surface of the heart for 
35 accessing the pericardial space. Alternatively, an introducer or cannula can be 

passed through the skin incision to the pericardial surface and the pericardial access 
device passed through the introducer to the pericardial surface. Referring to FIGs. 7- 
9, in another embodiment, the pericardial access device 10 can be passed to the 
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pericardial surface within an exterior sheath 60 having a reversibly sealed distal end 
61. In the embodiment of FIG. 7, the distal end 61 of the exterior sheath 60 is 
reversibly sealed with a removable cap 62. The c^621s securef^attachedtothe 
sheath 60 by abase6& The removable cap 62 can be forced open by distal 
advancement of the device 10* within the sheath 60. 

Alternatively, as shown in FIGs. 8 and 9, the distal end of sheath 61 



allowexteriorization of 
of the 
10,is 
the pericardial 



device 10 isdistallyAadvanced to open' the cqy62 y ormulti*fl^ batch 64, allowing 



the distal end 11 of the device 10a Therefore, according 
10 invention, the exterior sheath 60, 

t incision to a position near, 



15 





to 

rumen of the 



guide tube during placement 
It will be 



apparentto^neof ordinary skilt in the art that many 



20* spirit or scope of the appended claims 



from the 
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WE,GLABVI:u 

1. A pericardial access device comprising: 

4a) - a guide^tube, said guidatube^having a lumen and including: 
5 m*#)f^ aproxifnatend; f 

Qx) a distal end, said distal end having a distal port opening into 
\ ->*V - said ha^en; 

(iii) * an axially directed shoulder in said lumen near said distal 
port, 

10 (b) a penetrating body^axially mobUe within said guide tube . 

2. A pericardial access device according to claim 1 wherein said shoulder is 
continuous around a cipumfi^ence^of said lumen. 

IS 3. A pericardial access device according to claim 1 wherein said shoulder is 
intermittent around a circuinferenceofsaid lumen. 

4. A pericardial access device according to claim 1 wherein said shoulder is 
ioOTed byNfold^ said guide 

20 tube lumen* 

5. A pericardial acce» device aoxmiing to claim 1 wherein said shoulder is 
formed by an axial thickening of a wall of said guide tube. 

25 6. A pericardialaccess device according to claim 1 wherein said proximal end 
js.. includes aAandle region. ^ 

7. A pericardial access device according to claim 1 wherein said proximal end 
includes a*vacuum inlet assembly* 

30 

8. A pericardial access device according to claim 1 further including a limiting 

9. A pericardial access device according to*claim 8 whereinsaid limiting 
35 mechanism is in said handle region. 



10. A pericardial access device according^ claim 6 wherein said handle region 
includes a vacuum inlet assembly: *• 
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11. A pericardial access device according to claim 1 furth» tocftiditig an exterior 
sheath, 

12. A pericardial access device according to claim 1 wherein said guide tube has 
5 an aspect ratio of at least 3:1 at said distal port opening of said distal end. 

13. A pericardial access device according to claim 1 wherein said penetrating 
body includes a lumen for passing a guide wire. 

10 14. A pericardial ^access d^ce aeeonling to^ 
body includes a needle. 



15. A pericardial access device^according to claim 13 furthefceomprising a guide 
wire. 
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16. A pericardial access deviceiaecbrdingnto claim 1 further comprising a 
guidewire and a material transport tube. 



17 e 
20 

(a) passing a tubular device to said patient's pericardium, said tubular 
device having a lumen, said lumen inchidihg an axially directed 
t shoulder at a distal endgthereof; . 

25 (b) applying a suction force through said^lumen o deviate 

form a bleb of pericardium within said distal end of said lumen; and 

through said tubular device lumen to afceess the pericardial space. 

30 

1% A method according to claim 17 further comprising passing a giude wire 



19. A method according to claim 1 8 further comprising a: step of passing s 
35 material transport tube over ! 



20. A method according to claim 17 wherein said device is passed to the 
pericardial enclosed within a sheath. • 
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